Abstract. Many arthropods engage in mutualisms in which they consume plant-based foods including nectar, extrafloral nectar, and honeydew. However, relatively little is known about the manner in which the specific macronutrients in these plant-based resources affect growth, especially for carnivorous arthropods. Using a combination of laboratory and field experiments, we tested (1) how plant-based foods, together with ad libitum insect prey, affect the growth of a carnivorous ant, Solenopsis invicta, and (2) which macronutrients in these resources (i.e., carbohydrates, amino acids, or both) contribute to higher colony growth. Access to honeydew increased the production of workers and brood in experimental colonies. This growth effect appeared to be due to carbohydrates alone as colonies provided with the carbohydrate component of artificial extrafloral nectar had greater worker and brood production compared to colonies deprived of carbohydrates. Surprisingly, amino acids only had a slight interactive effect on the proportion of a colony composed of brood and negatively affected worker survival. Diet choice in the laboratory and field matched performance in the laboratory with high recruitment to carbohydrate baits and only slight recruitment to amino acids. The strong, positive effects of carbohydrates on colony growth and the low cost of producing this macronutrient for plants and hemipterans may have aided the evolution of food-for-protection mutualisms and help explain why these interactions are so common in ants. In addition, greater access to plant-based resources in the introduced range of S. invicta may help to explain the high densities achieved by this species throughout the southeastern United States.
INTRODUCTION
Mutualisms are widespread among plants and animals and can affect population and community dynamics (Bronstein 1994 , Wa¨ckers et al. 2005 . Many mutualisms involve the transfer of resources (e.g., plant-based resources such as nectar, extrafloral nectar, and honeydew) in exchange for services (e.g., pollination or protection) (Bronstein 1998 , Stadler and Dixon 2005 , Wa¨ckers et al. 2005 . Resources provided by plants or hemipterans typically contain high concentrations of carbohydrates and low concentrations of amino acids (e.g., an average of 310 g/L for carbohydrates and 3 g/L for amino acids; ). However, there can be over 100-fold variation in the concentrations of carbohydrates (4-986 g/L) and amino acids (0.02-26.7 g/L) in plant-based resources . A better understanding of how such variation affects the growth and survival of consumers will provide insight into the costs and benefits of participating in mutualistic interactions and, more generally, the conditions under which mutualisms are formed and maintained.
For some consumers, the motivation for consuming plant-based foods is clear. For example, in active animals such as hummingbirds and adult Lepidoptera, plantbased foods provide a key source of carbohydrates to fuel the high metabolic costs of flight (Hainsworth and Wolf 1972, Josens and Farina 1997) . However, the importance of plant-based foods for the diet of other animals is less well understood. For example, the high carbohydrate and low amino acid content of plant-based foods seems inconsistent with the high nitrogen requirements hypothesized for carnivorous arthropods (White 1978 , Fagan et al. 2002 , Denno and Fagan 2003 , Fagan and Denno 2004 ). Yet, carnivorous arthropods frequently engage in mutualisms with plants and Hemiptera that produce plant-based resources and consumption of these foods has positive effects on activity level, longevity, and growth (Eubanks 2005 , Stadler and Dixon 2005 , Wa¨ckers et al. 2005 , Helms and Vinson 2008 . It is not known whether the effects of plant-based foods on the performance of carnivorous arthropods are due to the carbohydrates, amino acids, or both. Experimental tests of how the 4 E-mail: wilder.shawn@gmail.com macronutrient content of plant-based resources affects carnivore performance may reveal whether the low amino acid content provides more of a benefit than would be expected based on its concentration or whether carbohydrates are an underappreciated macronutrient for growth of carnivorous arthropods. In addition, the effects of carbohydrates and amino acids on carnivore performance may provide insight into the likelihood with which individuals should engage in mutualisms with plants or hemipterans that provide different concentrations of these macronutrients. Consumption of plant-based foods may also be important for the establishment and spread of invasive arthropods. Some invasive ants may have greater access to plant-based resources in their introduced range than in their native range (Tillberg et al. 2007 ). In the southeastern United States, the red imported fire ant (Solenopsis invicta) is responsible for significant ecological, health, and economic impacts (Tschinkel 2006) . Solenopsis invicta is a carnivorous ant that primarily consumes animal tissue and haemolymph and has a d 15 N stable isotope signature similar to that of obligate predators, such as spiders (Tennant and Porter 1991 , Vogt et al. 2002 , Tillberg et al. 2007 ). However, S. invicta also frequently forms mutualisms with honeydew-producing hemipterans in their introduced range (Helms and Vinson 2002) and these interactions influence how S. invicta affects arthropod food webs (Kaplan and Eubanks 2005) . In addition, consumption of honeydew increases colony growth rate of S. invicta, although the mechanisms responsible for this increase (e.g., greater worker longevity, higher rates of brood production, or both) remain unclear (Helms and Vinson 2008) . Testing how the macronutrient content of plantbased resources affects carnivorous arthropods may provide a better understanding of the spread, ecological impacts, and control of invasive species such as S. invicta.
The purpose of this study was to examine the benefits of consuming plant-based resources for a carnivorous insect, the red imported fire ant (Solenopsis invicta), and to test which nutritional components of plant-based resources (i.e., carbohydrates, amino acids, or both) contributed to higher colony growth. In the first part of this study, we quantified the effects of aphid honeydew on worker and brood production of S. invicta colonies reared in the laboratory. In the second part of this study, we separated the carbohydrate and amino acid components of artificial extrafloral nectar to test: (1) which macronutrients contributed to colony growth in the laboratory and (2) which were preferentially collected by colonies in the laboratory and field.
METHODS

General methods for laboratory experiments
Colonies of polygyne S. invicta were excavated from the campus of Texas A&M University (College Station, Brazos County, Texas, USA) in the spring of 2008 and 2009. After 48 hours, water was used to separate workers, brood, and queens from the soil. This material was used to make standardized laboratory colonies that each consisted of 1-20 queens (to test the effects of aphid honeydew on colony growth) or two queens (to test the effects of carbohydrates and amino acids on growth), ;50 brood and 1 g wet mass of workers (0.345 6 0.009 g dry mass or 1192 6 62 individuals; mean 6 1 SE). Polygyne colonies in the field vary in the number of queens present (Tschinkel 2006) . However, the number of queens had no effect on colony size in experiment 1 (general linear model ANOVA, number of workers, F 1,28 ¼ 0.26, P ¼ 0.61; number of brood, F 1,28 ¼ 0.45, P ¼ 0.51). For this reason, we used two queens in each colony for experiment 2. Each colony from the field was used to make a single laboratory replicate. Laboratory colonies were housed in containers (56 cm length 3 40 cm width 3 14 cm height) lined with fluon and provided with a darkened petri dish lined with plaster of paris for a nest. Colonies were provided with a vial of water and had the plaster of paris substrate moistened two times per week. Each colony was provided with two freshly killed crickets, Acheta domesticus, three times per week, which was ad libitum prey for colonies used in these experiments. The use of ad libitum insect prey is consistent with conditions in nature as colonies of S. invicta regularly dry and store pieces of insects in colony chambers in the field (Gayahan and Tschinkel 2008) . The colony room was maintained on a 12:12 light : dark photoperiod with 40-70% humidity and a daily temperature cycle that included 8 h during daylight at 328C and 16 h at 248C. Colonies were maintained in the laboratory for 45 d in experiment 1 and 60 d in experiment 2 after which they were frozen. We then separated workers and brood, dried them at 608C for 48 h, and weighed them.
Effects of aphid honeydew on colony growth
This laboratory experiment quantified the growth of colonies of S. invicta in the presence of high and low densities of aphids. Each container with fire ants received three cotton plants, Gossypium hirsutum, in 8.75 cm square plastic pots containing potting soil, in which S. invicta readily nested. The aphid treatment (n ¼ 15) was created by adding cotton aphids, Aphis gossypii, to plants and allowing populations to become established while the control treatment (n ¼ 17) was maintained by searching cotton plants twice each week and killing any aphids found. Cotton plants had extrafloral nectaries. However, given the low number of extrafloral nectaries, nectar consumption by ants was likely low compared to the amount of honeydew consumed (Adjei-Maafo and Wilson 1983, Fischer et al. 2002) . Cotton plants that grew too large for the plastic pots were replaced with smaller plants. Only one cotton plant was replaced at a time and the pot with the plant that was removed was allowed to dry for one week before it was removed so that all worker and brood would move out of that pot and into the other remaining pots. At 12, 19, and 26 d after the start of the experiment, we counted the number of aphids on each leaf of each plant. At the end of the experiment, we removed the soil from all of the pots and spread it in a thin layer on the bottom of the containers. We also added a petri dish that was painted black and included moistened cotton to each container. As the soil in the container dried, the ants moved into the petri dish with the brood. After 2 d, we removed the petri dish, visually searched containers for any remaining ants, and placed all ants and brood in a freezer. Two-factor ANOVA was used to test for the effects of aphid treatment and the number of queens on the dry mass of workers and brood present in colonies after 45 d on the experimental treatments. A repeated-measures ANOVA was used to compare the mean number of aphids per leaf between plants in the aphid and control treatments for the three sampling dates.
Effects of carbohydrates and amino acids on colony growth
We conducted a second laboratory experiment to test the effects of the carbohydrate and amino acid components of artificial extrafloral nectar on colony growth of S. invicta. We randomly assigned colonies to four treatments that, in addition to insect prey, were supplemented with a 5-mL vial of either: water (n ¼ 12); a solution containing only the carbohydrate component of extrafloral nectar (n ¼ 13); a solution containing only the amino acid component (n ¼ 15); or a solution with both components (n ¼ 14). Artificial nectar mimicked the chemical composition of extrafloral nectar of Passiflora spp. (Lanza 1991) and consisted of 1 L of water mixed with carbohydrates (108 g sucrose, 90 g glucose, 53 g fructose) and amino acids (0.0232 g aspartic acid, 0.512 g glutamine, 0.0404 g glutamic acid, 0.0194 g histidine, 0.0436 g isoleucine, 0.04 g leucine, 0.118 g phenylalanine, 0.368 g proline, 0.0704 g tryptophan, and 0.1122 g tyrosine). This artificial nectar recipe has carbohydrate (251 g/L) and amino acid (1.3 g/L) concentrations similar to a wide range of extrafloral nectars (carbohydrate, mean ¼ 222, median ¼ 183; amino acid, mean ¼ 3.4, median ¼ 1; ). Plant-produced extrafloral nectar also contains a number of other compounds including volatiles, used in long-distance attraction, and antimicrobial chemicals (Gonza´lez-Teuber and Heil 2009). However, our artificial extrafloral nectar only included carbohydrates and amino acids because these are thought to be the major nutritional components that contribute to the survival and growth of consumers (Blu¨thgen et al. 2004, Stadler and Dixon 2005) . Vials with experimental treatments were replaced twice each week.
Twenty-eight days after the laboratory colonies were established, we collected and counted the number of dead worker ants in each colony. Solenopsis invicta, like many other ants, places dead worker ants in one or more piles away from the nest (Ho¨lldobler and Wilson 1990) .
This behavior allowed us to record accurate counts of the number of dead ants without disturbing the colony. On three separate dates (1, 9, and 16 d after the start of the experiment) we also counted the number of S. invicta collecting liquid from the experimental treatment vials. We counted the number of ants on the vials 60 min after a new treatment vial was added to the colony. The duration of larval growth and pupation is ;30 d at 328C in S. invicta (Tschinkel 2006) . Hence, the collection of dead ants and data on feeding from treatment vials occurred before colonies had a chance to increase the number of workers present.
Two-factor ANOVAs were used to test for the effects of carbohydrates and amino acids on the dry mass of workers, dry mass of brood, number of dead workers, and proportion of the colony composed of brood at the end of the experiment. A two-factor, repeated-measures ANOVA was used to test for the effects of carbohydrates and amino acids on the number of ants collecting liquid from the experimental treatment vials.
Diet choice in the field
We conducted an experiment in the field to examine the preference of S. invicta colonies for solutions containing carbohydrates, amino acids, or both. One potential criticism of this approach is that carbohydrates and amino acids are present in very different concentrations and that diet selection could be dose dependent. Dose dependence can occur in studies of diet selection; however, it is always between solutions that have different concentrations of the same macronutrient (e.g., Josens and Farina 1997, Blu¨thgen and . When consumers are choosing between different macronutrients, consumers will select the macronutrient that is limiting and consume that macronutrient until their dietary requirement is fulfilled (e.g., Mayntz and Toft 2001 , Mayntz et al. 2005 , Raubenheimer et al. 2007 ).
To facilitate counting ants feeding on different solutions in the field, we combined the treatment solutions (water, carbohydrates only, amino acids only, or both the carbohydrate and amino acid component of extrafloral nectar) with agar to form a soft bait pellet (112 mL of solution with 0.8 g of agar). On two dates, we created transects of 15 bait stations spaced 10 m apart and placed one of each of the bait treatments at each station (i.e., a simultaneous choice test). Transects were placed in post oak savannah habitat at the field laboratory on the campus of Texas A&M University in College Station, Texas, in June 2009. After 60 min, we returned to each bait and counted the number of S. invicta feeding on the bait. Two-factor ANOVA was used to test for the effects of carbohydrates and amino acids on the number of ants at the baits after 60 min.
RESULTS
Effects of aphid honeydew on colony growth
We were successful at creating experimental treatments with different aphid density as plants in the aphid treatment had over three times as many aphids on each leaf (130.7 6 2.7 aphids/leaf ) compared to plants in the control treatment (43 6 1.5 aphids/leaf ) (repeatedmeasures ANOVA: treatment effect, F 1,15 ¼ 32.12, P , 0.001). After 45 d, colonies of S. invicta in the aphid treatment had almost 50% higher dry mass of workers (F 1,28 ¼ 8.07, P ¼ 0.008) and .200% higher dry mass of brood (F 1,28 ¼ 4.70, P ¼ 0.039) compared to control colonies (Fig. 1) .
Effects of carbohydrates and amino acids on colony growth
Colonies with carbohydrate supplements had almost 100% higher dry mass of workers (F 1,33 ¼ 17.59, P ¼ 0.0002; Fig. 2A ) and .100% higher dry mass of brood (F 1,33 ¼ 9.77, P ¼ 0.004; Fig. 2B ) compared to colonies deprived of carbohydrates. There was no effect of amino acids and no interaction between carbohydrates and amino acids on the dry mass of workers (amino acids, F 1,33 ¼ 0.92, P ¼ 0.34; interaction, F 1,33 ¼ 0.39, P ¼ 0.53) or brood (amino acids, F 1,33 ¼ 0.47, P ¼ 0.50; interaction, F 1,33 ¼ 1.88, P ¼ 0.18) at the end of the experiment.
Colonies with supplemental carbohydrates had 54% lower mortality (111 6 35 workers dead) compared to colonies deprived of carbohydrates (245 6 33 workers dead; F 1,27 ¼ 16.37, P ¼ 0.0004). However, the consumption of amino acids resulted in a 60% increase in mortality (219 6 35 workers dead) relative to colonies that did not have amino acids (137 6 33 workers dead; F 1,27 ¼ 5.40, P ¼ 0.03).
While there were no significant main effects of carbohydrates (F 1,33 ¼ 2.09, P ¼ 0.16) or amino acids (F 1,33 ¼ 0.03, P ¼ 0.86) on the proportion of a colony composed of brood, there was a significant interaction between these effects (F 1,33 ¼ 6.42, P ¼ 0.02; Fig. 3 ). When no carbohydrates were present, the addition of amino acids resulted in a 57% reduction in the proportion of colony mass that was brood. However, when carbohydrates were present, the addition of amino acids resulted in a 90% increase in the proportion of a colony that was brood (Fig. 3) .
Workers of S. invicta recruited to vials with carbohydrates in much higher numbers than they did to vials that did not have carbohydrates (F 1,26 ¼ 69.44, P , 0.0001; Fig. 4A ). There was also higher recruitment to vials with amino acids (F 1,26 ¼ 4.08, P ¼ 0.05); however, the effect of amino acids on recruitment (35% increase) was much smaller than the effect of carbohydrates (264% increase; Fig. 4A ). There was no interaction between carbohydrates and amino acids (F 1,26 ¼ 0.39, P ¼ 0.54).
Diet choice in the field
In a simultaneous choice experiment in the field, S. invicta recruited to baits with carbohydrates in much higher numbers than they did to vials with no carbohydrates (F 1,87 ¼ 103.54, P , 0.0001; Fig. 4B ). In parallel with the results in the laboratory, S. invicta recruited to vials with amino acids in higher numbers than they did to vials without amino acids (F 1,87 ¼ 4.29, P ¼ 0.04), but the effect for amino acids (36% increase in recruitment) was much smaller than the effect for carbohydrates (651% increase in recruitment; Fig. 4B ). There was no interaction between carbohydrates and amino acids in the recruitment of ants to baits (F 1,87 ¼ 0.04, P ¼ 0.84).
DISCUSSION
By decoupling the separate effects of the carbohydrate and amino acid components of extrafloral nectar, our data show that, even when provided with ad libitum insect prey, carbohydrates limited S. invicta colony growth. Colonies that had their diet of insect prey supplemented with carbohydrate-only supplements (experiment 2) and honeydew (experiment 1) had similar increases in worker and brood mass. Amino acid supplements had no effect on colony growth and a negative effect on worker survival. The only potential positive effect of amino acids was that colonies provided with the supplement containing a combination of carbohydrates and amino acids had a slight increase in the ratio of brood to workers compared to colonies with only the carbohydrate supplement. The strong dietary preferences of S. invicta for carbohydrate supplements in the field matched their performance on those supplements in the laboratory. Many species of predatory arthropods consume plant-based resources in nature and show higher fitness when consuming these resources (Wa¨ckers et al. 2005) . However, this is the first study to decouple the nutritional components of plant-based resources and demonstrate that carbohydrates, and not amino acids, contribute to increased production of both brood and workers of a primarily carnivorous ant.
The amino acids in plant-based foods have been hypothesized to be an important resource for arthropod mutualists and many arthropods prefer plant-based foods that contain higher concentrations of amino acids (Lanza 1991 , Yanoviak and Kaspari 2000 , Davidson 2005 ). Solenopsis invicta also shows a slight preference for amino acids. When amino acids are consumed alone this does not seem to be beneficial because it increases worker mortality without any benefit to colony growth. In this case, the small consumption of amino acids may represent some ants sampling the resource or over-ingesting the overall   FIG. 3 . Comparisons of the effects of a full factorial manipulation of the presence and absence of the carbohydrate and amino acids components of artificial extrafloral nectar on the proportion of a colony composed of brood (i.e., mass of brood/total colony mass; mean þ SE).
FIG. 4.
Comparisons of the effects of a full factorial manipulation of the presence and absence of the carbohydrate and amino acids components of artificial extrafloral nectar on the recruitment of Solenopsis invicta workers to baits (mean þ SE): the recruitment of workers to baits (A) in the laboratory when they were only provided with one type of bait and (B) in the field when they were provided with all four bait types simultaneously.
amino acid solution to gain limiting dietary essential amino acids (e.g., five of the amino acids in our solution are considered dietary essential for insects; Chapman 1998). However, colonies do gain a slight benefit in the proportion of a colony composed of brood when the amino acids are combined with carbohydrates. The fact that the effect of amino acids is small may not be surprising given that carnivorous S. invicta primarily consume insects, which are rich in amino acids (e.g., .60% amino acids by dry mass; Ramos-Elorduy et al. 1997) compared to plant-based foods (,1% amino acid by dry mass; . Clearly, S. invicta show a much higher preference and increase in colony growth with carbohydrates than amino acids, and this preference may have been a strong selective factor influencing the nutritional composition of plant-based foods, which typically have a lower concentration of amino acids and higher concentration of carbohydrates than phloem sap (Byrne and Miller 1990 , Hu et al. 2009 ).
Extrafloral nectar and honeydew both contain amino acids, which are thought to be costly to incorporate into these plant-based resources (Bronstein 1998) . However, our data suggest that these amino acids may only have a slight benefit on colony growth of S. invicta, which questions why they are incorporated into plant-based foods. One hypothesis is that the amino acids in plantbased foods are important when insect prey are limited or for species that feed less on insect prey (e.g., more ''herbivorous'' ant species; Davidson et al. 2003) . Amino acids could also act as phagostimulants and be added in extrafloral nectar by plants to distract ants from tending hemipterans (Hanny and Elmore 1974, Becerra and Venable 1989 ). Yet another hypothesis is that these amino acids are not as costly as once thought. Plants and some hemipterans have mutualist microbes that synthesize amino acids and there could be times when excess amino acids are produced and need to be voided (Fischer et al. 1998 , Douglas 2006 . For example, aphids require certain essential amino acids in their diet, which are often limited, and will void excess nonessential amino acids in honeydew (Douglas 1993 , Sandstro¨m and Moran 2001 , Douglas 2006 . Hence, amino acids need not be an addition designed to benefit mutualist consumers but, rather, could be an excess product of another mutualism between the plant or hemipteran and their symbiotic microbes (Fischer et al. 1998 , Douglas 2006 .
Carnivorous arthropods have long been hypothesized to be nitrogen limited (White 1978 , Fagan et al. 2002 , Denno and Fagan 2003 , Fagan and Denno 2004 . However, recent empirical data do not support this hypothesis and, instead, suggest that some carnivorous arthropods may be energy limited (e.g., Raubenheimer et al. 2007 , Salomon et al. 2008 . Our results and those of several recent studies have shown that some carnivorous arthropods preferentially forage for energetic compounds (i.e., carbohydrates and lipids) and that feeding on diets high in energetic compounds contributes to increased mass gain, growth, and reproduction (Raubenheimer et al. 2007 , Dussutour and Simpson 2008 , Salomon et al. 2008 , Cook et al. 2010 , Kay et al. 2010 . A more critical analysis of the nitrogen limitation hypothesis reveals that several key assumptions of this hypothesis may not be met, which may explain why it is not supported by experimental data (Wilder and Eubanks 2010) . While the nitrogen limitation hypothesis assumes that the dietary requirements of arthropods are directly proportional to the nutrients in their bodies, the actual dietary requirements of arthropods can be inversely related to their body contents (Fagan et al. 2002, Wilder and . For example, in the spring, Agonum dorsale beetles have high protein and low lipid contents in their bodies but preferentially forage for lipid in their diet to restore lipid reserves that were depleted during diapause (Raubenheimer et al. 2007) . The controversy over nutrient limitation in carnivorous arthropods highlights the need for direct experimental data to critically evaluate longstanding hypotheses that have yet to be rigorously tested.
The digestive physiology of larval and adult ants may contribute to the large effect of carbohydrates on colony growth. Most insects can metabolize carbohydrates, lipids, and amino acids to acquire energy (Paine 1971 , Wigglesworth 1984 . However, in ants and some other social insects, castes differ in their digestive abilities (Tschinkel 2006) . While larvae can process a wide range of food typical of the capabilities exhibited by most solitary insects, adult worker ants have a reduced digestive system that cannot process insect prey and, instead, rely on carbohydrates for fuel (Vinson 1983 , Tschinkel 2006 ). All insect prey items are brought by workers to the larvae, processed and digested by the larvae, and then redistributed throughout the colony (i.e., to the queen, workers, and other larvae) as needed through trophallaxis (Vinson 1983 , Tschinkel 2006 . Hence, consumption of carbohydrates has a double benefit to colony growth of ants by directly providing energy to fuel worker foraging and by allowing larvae to divert more resources to their own growth and less toward processing food for workers. The dual benefit of carbohydrates may explain the large effect that carbohydrates had on colony growth of S. invicta and why mutualisms between ants and honeydew-producing insects or plants with extrafloral nectaries are extremely common in nature (Ho¨lldobler and Wilson 1990 , Helms and Vinson 2002 , Stadler and Dixon 2005 . In addition, access to plant-based carbohydrates in its introduced range could play an important role in the invasion ecology of S. invicta.
Research on nutritional ecology and ecological stoichiometry has provided tremendous insight into ecology and evolution at scales ranging from chemical reactions to ecosystem dynamics (Sterner and Elser 2002, Simpson et al. 2009 ). However, relatively few studies have been conducted on the nutritional ecology of carnivores (Raubenheimer et al. 2007 ) despite the importance of carnivore nutrition for the ecological impacts of predators in biological control and as invasive species (e.g., Kaplan and Eubanks 2005) . Our results contribute to the growing evidence that sources of energy (e.g., carbohydrates and lipid; Raubenheimer et al. 2007 , Salomon et al. 2008 can limit the growth of carnivorous arthropods despite long-held beliefs that nutrients (e.g., nitrogen and phosphorus) limit the growth of predators and a range of other animals (White 1978 , Fagan et al. 2002 , Sterner and Elser 2002 . The strong benefit of carbohydrates for carnivorous ants and the low cost of including carbohydrates in plantbased foods by plants and hemipterans may have aided the evolution of food-for-protection mutualisms and help explain why these mutualisms are so common (O'Dowd 1979 , Stadler and Dixon 2005 , Wa¨ckers et al. 2005 . Further research on the nutritional ecology of carnivores will aid in developing integrated models of nutrition to explain how small-scale processes such as individual foraging behavior scale to community and ecosystem dynamics ).
